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(54) COMPOSITE PIEZOELECTRIC VIBRATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the adhesive 
strength between a resin and a piezoelectric body, to 
suppress unnecessary vibrations, and to obtain fineness 
and high density by providing projections on respective 
piezoelectric side faces of the composite piezoelectric 
vibrator including an organic substance charged between 
piezoelectric bodies which are arranged separately from 
one another and 1 st and 2nd electrodes formed in 
contact with 1 st and 2nd end surfaces of the 
piezoelectric bodies. 

SOLUTION: The side face of each piezoelectric body 1 
which contacts with the organic substance is increased 
and decreased in the size of the cross section of a rod 1 
perpendicular to the longitudinal axis of the rod along the 
longitudinal axis to form a projection on the side face. 
Thus, the anchor effect between organic substances 2 
increases, and the adhesive strength with the organic 
substance 2 is improved; and the durability of an 
ultrasonic wave probe is improved, and the bending 
resistance of a piezoelectric vibrator is improved, so that the deformation into a complicated 
shape such as a concave surface can be performed. At the same time, the diameter of the rod 
1 is varied along the longitudinal axis, so that the resonance in the rod 1 in radial vibration mode 
being unnecessary vibration mode is suppressed. Further, only the vibration mode of the 
longitudinal axis of the rod 1 is generated and the vibration is excited as a piezoelectric vibrator 
only in the thickness direction. 
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<Oj£mi^^ y Kl7)5f|fecr>IEm{!|cny Kl tm^^i>&^^ 

iri>Xo{cm^<ofEmi^^y h^i^m^-t^^K ^fcH 
'pfj: < thl ^(DfEMt^ti y K 1 ;05<t!lcOJE®(*:p :y K 1 

[0 0 7 41 < hh\ ocoi£m<*^n y K 1 ;65ft!lcoEE 
5^ Kl^J^^-rS^^Jcii, ^ii^co (1) i>-U3>M2 

3^<^^i-^xS(-*5v>r. '>/j;< ^ t> 1 o<o5t 2 2;65 
ftiico:A:2 2 i:M>:^6S<£rW-r^i: 9^j:S^c^:A:2 2^^ 

:A:2 2ti;^#/^^T•^^•^5'-=l>^-r^o ^i;tJ^. EEm*^ 
20 p Kl co«^SI;5S*'^6firvh$ <^i^g|5-e:^#iNj: pt- 
i-^fci^tcti, — '^J^ LTIi4»'^Sl5T2 0 MnKO/h^T^^ 
i^^SlSrai^a 0 0 m(0;^t/^^^^-r^ J: 

[0 0 7 51 ^>/^< ^ ^ 1 oco/Emf*:n K 1 )5>te<^ffi 
^flca y Kl i:S?^cC5:^^;^r^O:^^^Wi-6<t 9tClt 
3S(7)IEmft^D';/ Kl ^JI^;^K-r^.^^{cfi, mja^to (1) 

S^coS^::^f^^^r5i£m«^n ^/ Kl tc:MiJ?i-^:A:2 
iO 2r<>:tc, ^<^—=^i^^\^x=^y^:y^^ia.\'t^\\ ^ 
LT. S$;6^/h$V>mm{^P :y K 1 {^^iS-r^:;^ 2 2 ^i 

Kl tc»^£;-t-^5t2 2\^X0m<J^f&i'tl^^Si\^\ 
[0 0 7 61 ^L<(i. m-^^(Dmm,t^X2y Yl^i^ 

ML. ^mm%m'ik(Dmmiimx\ }^mh\^<\'tmm^^ 

[0 0 7 71 roJ:9(-. ^>/c^ < (h 1 0(7)iEB<^n :y 
Kl ;65{th.(7)lEm<*:n2 :y Kl t m^J:^S:^:^\^<DS:^^m 

^rctiaM-Cfc5m'&/EffiSiWjT-^ff^^i-6 C t i)-X^ 

[0 0 7 81 /^:Jb\ ±atLfci. 'pfl:< th 1 oco/E®^*: 
n y ¥l fiH'^<0^m{^u y Kl <b*^.^ ^^^W^f-^ J: 9 

thl o(DEE®<*:n y K 1 ;!>5ft&cojBEm»:D y K 1 tS^ct 
6S#*-r^cO:i:^^Wt-5 J: 5(c:^?S</5EEIi;»:p y Kl 
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n 

10 0 7 91 z.z.'vmm\.tc^m(onm(owm(o 

[0 0 8 0] ®fii3 5^i»ifi|-t-5ri"e. S^S^illS: 

[0 0 8 1] mx.it. m^&comA^^i^^^^t^^^x 

[0 0 8 21 mJ^i U>t^>/.C < 1 o<D/E«fls:n 

mffi3 5^5>sijLr. :»'fiiuycim<i3 sr^jc^^siur 

[0 0 8 31 Htl32!!L/c<t mmi^ti y Yl(DVfmt> 

m^j:^t. mmi^^ ^yh*l^*^m^'r^m=^m<Dm^m*- 
[0 0 8 41 m\^'^m^R^<Dm^mt^mmnm\^^:^K ^ 
fj:^f^m<Di£mi^r2 ^y Kl r^te:mis3 s^^mi^x. 

[0 0 8 51 3 5 (onm^xnmif'^. i^m 

mmc^^xm^^c^^^zt^^xtho m^\t. ±^ 

mm 3 5 ^^sijLT^mv^ 

[0 0 8 61 t?^J<!:LTfi. m^J£mmW}^(D^'L^^ti^ 
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mutxStti:^t^m(of£m.^u^y h'l^&ui^s mms 
5i:^.L^ut^mut\c^p\Lxm^{^xh&\^\ mi 

[0 0 8 71 013 ( a ) <th\ oO/ESf*: 

x^y Kl7!i5fdlc7)Sm»D5/ Kl ^S^j:5f^aE^Wi-5EE 
Sflcn-/ Kl*s?gj^!c*n/J:«'&JEffiSitiT-'Cfc'5o ^h* 

n^. Kl;^)SSaB$ttrv^-5o *:^c. a^JESSSi^colg 

( O 0 8 8 1 III 1 3 ( b ) ti. HI 1 3 ( a ) {Ctj^ L^hlg 
— VT^fc^o m^l3 5(i:. 4'^il^a5cD/J^$V^mffi3 6 

r(r)mfiicoiioi(c{5:B-r^i5i^j^sp(7)mffi3 7 ^(c^^-fij^ 

ttrv^-S. *'L^g|5<omiS3 6(i, Ii|13 (a) JC^L/d 
[0 0 8 91 Ell 4it. 11 1 3 (b) (C.^bfc5^SiimiS 

^ei^ni^dji^^^tL/c. 11113 (a) (CTj^by^a-g-iEm^ 
^fzmz, ^mmmse. 3 7 0TtcfcsEEm«^py k 

1 ti^x.^ J: 5{-Lrfc6o 

[0 0 9 01 H 1 4 iC4oV^-C. 'l3^il>glSO®ll3 6 icj: «9 
^9j^*x6IE«flcn y Kin. «s:«;as/h^<. m^\tr 

Hfja!Lfcj: m:^i,tm<om^m (n3 3) 
(om^um (Nt) KT'Miij-r^o 

[0 0 9 11 «eoT. N3 3 t t:^mfj:^mmUn 

^mm-rnit. ^^L^uts^m^txi-xmn^^ti.xms: 
-r^m^&mm^j^^o vtox. m^it^'L^^x^-xmi 3 
MH zm^<o^'L-m^^xmW}X^ ^ 1 1 hii^^m^x 
am 2 0MHz m^(o^'L-^^wcxmmx^ ^ts^m^%: 

40 [0092111115 \z.if^m\:i^.^{^(om^7f^^o m 1 

5 ( a ) Ji. ^pt^ <th\ 0(D|Em«s:n y K 1 

m-^^y v\ tm-^s:^w-m^^^^m\ 0 (c) 

/c:<t9;:emMcoEEm«^n>y Kl^. lRl-*^^L^lciag L/c 

<DR?^<^EEm«s:n 5/ K 3 8 (DjiffltC 3 a^tO^ffl^Wf* 

^MMcOlE«f^n K3 9. 4 0. 4 1 jii^. i^l^Wli 

[00931II115 (b)Ji. His (a) Ufclt 

50 ^/£m^g»J■^•±^^Ji^^1-5fci6co^fl]$;h./b«®o/^^ 
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75 

— :/T*>'5o 015 (a) <Dm'^f^®Mm^<DF]m(DfE 
a«:P!y K3 8i3<tI>*JBS!OlE«(*:n5/ K3 9. 4 0. 

4 nc^Jt£;LT. 5>Sij^ixfc4S^comt^mtl4 2-4 

[0 0 9 41 ;*:^^ic:ioV^rt. ^>/<t<.bt>io 

ffimi*:^ y Kl 75>{tfe commas: n Kl <i:^?'c^ SS^^r1- 
®f*:D5, V*if>m^fi.9,{^^y Kl i:^/^5g^;^f^o 

[0 0 9 51 ^cCib\ :*:^WO|ISS<Df^^co#«^{CioV> 

^LT. /E®«!:n Kl tmmmz tm.m^'pmmm^ 
—mz.mf&^rix\^^^^tmi-t. lv\ 
[0 0 9 61 mm^'f-mm^^^if^^titcx^. mm 
^t\^x^m-t^m\^. mm^(o^m^m.m±xm.mi 

O T ^« ^ T V ^ 5 2 ic (c J: 5 ^ ^ X. ^ 
[0 0 9 71 ^mi^^^^^^ti. 1 o-Cfco-C 

[0 0 9 81 wm\±(Dm^\unt t^xit. m:^\t±9 ^ 

m\^^j:\^\ ±y^^:^Untl.Xi^. mx.^'X. r/u^-f 40 

[0 0 9 91 mm-^y^i^:^2 5un^m\^^^m^\^ 

mm(o (6) mm. mmi-f^. jEmt^fi-^^^f 9X 
m\:i^\^^xm^EEmmm'f^(Dmm\^mm^nmi-^ t # 

[0 1 0 01 m^\^. z-ocDrnm^'f-mm^^m-ffc^ 
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5:^^h^j:^mmt^^t^mmcmm(Dmmi.c^^xm 

mr>WM^ti^:it:^^f^\^\ m&if^mn^tifj:\^^(DX\ 

^$i^^^v\ tsoT. m^^f&mm^ti.xmm'r^t^ 

[0 1 0 ll ^/c, t&J^«3fsf^ffiiN;5:^^tc^. ±m<D 

[01021 ^/c. 'mm^j-m^mt^&(Dm^^m. 
mcjEmt^x:^ y K 1 ^x.xy^mmm2^ ^ ti^^s^o^^v^t>^ 

fi^ht^^'mm^^^mu^^m.'t^:! tx\ mmmjim 

[0 10 31 ^ f.lC. mi^i^-7-S^gl5:^5mtl*t»^^gSF 

[0 10 4] ^/c. m1liSS^^7)]ff^4^^i#(^PR:^$n?:^v^ . .r, 

[01051 Hi 6 (i, -mt LT. m'tJ±mum^<D 
mmi^^ yh*it w-n^j: 2 -D(Dmmzmf^;^ntzmm^ 
i^^ic^s o^Tj^-To iai6 (a) {i^ffi^^^u. m 

16 (b) {-xmum^Tjk-t, 

(0 10 61 ^/c. lai 7tc:ti, nil 4(c^Lfc^fijm 
<13 6. 3 7^131 6<Dmffi$S8^^jBgSfl5 5 0_h(C?l^^R U 

tcm^(D-m^^i-o ^wmi^3 6. a 7(^. mmt^^ 

<:>x^mmtf^mi'^:z t:^^x^ ^fcit. i£mi^tiy 
K 1 m\z,^m ^ titc^m^ 2 {c'^m^(DmiiZ ^ ^mm^ 

[0 10 71 ^/c. mi SlClJi, mis (a) {C^X^tz. 

m^j:^i^m(om^(Dmm<Dmmi^^ y K3 8-4 l^w 
i-^ffi^IE®fig«J^^-. 2mm(ommm^mm^5o^' 

miB (b) tC^Lyt^S<®S4 2-4 5 4rJK^L)t« 

[0 10 81 mm^^mm^s o^mfSs'r^:^mt ur 
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ti. Wi&(D (4) i^y 2 3 5X^(^*51/ > 

X^^') ^:ym2Zi::^y^>^m^\^ti<D^^ (5) m 

ra. *5j:t/jEa(*:ci :y Ki <i: mss-^j^M^as 5 0 t<Dm 

[0 10 9] /^^b\ WieLfCci: ptc, S!S<^i^i^WJ|s|-"C 
«ffi«^g§»fcgp 5 0 L/C i: # (Cfi, WcVkm\z,nt^ 

[0 1 101 C:rT'l%0JLfc:*:^P^co^Jg(Off^^ 

[0 1 1 U ^Jx.{^. m^^5/£m:SI^^^-r5M^;6^b 
m®«cn 5/ Kl 4rJi^^i-6o -^iJirLTfl. JEmS^d 

3 3<D±^fj:h<DtE.m&^& 3 3(?:):;/^^/^t)CO;d>e>ff^ 

lO 1121 i-ti:t:>^. mmmmd 3 3<D±^f£h<D\C 30 

J: ^9?^v^#^aJ■r:: ir^^T'^. ^tc. EEm^^g3 3co 

[0 1131 ^fc. ffimd 3 3. g 3 3^m^m&WcM 

^N3 3, N t<Dm^j:^un^m\^^^::Ltxmi^^)X 

[0 1141 ^S:^. ^^c^^a^^^-r^jEmn K 1 

J: »9 i^K S r i: ft ^ fc 5 o 

[0 1151 ::i(0^o-^m^JEmMm^^W^mrr^^W: 

«cof^#j{c:A:2 24BJ:t/5 ^^mn^o so 
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[0116] m i 9 ( b ) \z.7f^ir^ 0 tc, is^BcD 

5t2 24b^<tTJ55 5(CS*Sm^tOiEa-fe^ ^:^^>^5 6. 
5 7o;:^7y-*^«-r5o ^^y-*r«;«l. HJiflB*-^. 
fzcoh^ HIP^H. v^y =^ VM2 3CO(^*<l:fT5o ^> 

y ='>'^2 3<7)i^^ji, 1114 (c) xmm\^fc<Dtmc 

XeF2 :^:^fS:i£<D=^y'f'>^1^i^m\f''X:^-y 
Vy 3CO{RiJ 
ffitCKtil Lfcv/ y =3>';0.^>v'y n>-^2 3 COrtlfPcOv^y 

6. 5 7(Cfi^^nfcv^y =i^^^2 3 4rWBt-^**t-S 
[0 1171 »C{-. lill 9 (c) \Z.7n\.tL^o\^. i^]) 

^>m2 3^^^\^tL^b\zn^fz.mfj:^msL(DmMr^ 

[0 118] SrStc. 1^1 9 (d) tC7nLyc:J:9{-. ^ 
^'^Sia^cOEEmft^n 5/ K5 8, 5 9 ;d5gtB Lfc±TStC 

mils s^iSttSo ^o^. 5^<S^il^tf9o UJl±c^J: 

[0 1191 l^-b. *^P>^{C^.6*^teff^ffifcS<5V^TI^ 

(1) ftt)/h^V>f^S[^#-t-6iE®;f^^4''[:.>a(ciHB 

(2) i: t>tcmiSiffi^g§)^g|5^^L. 

(D\Em.^(Dm 1 *5 J: 0^11 2 (D^^® <t <^ >b 
mm^'=^mmuo:>fmz.^mmt^^m^r<.x\^^^:i t^9^ 

(3) mx<Dmmi^fc\t.'m2(Dm^\:iW'ntj:j^m,^(om 
mmt^^ o xmm . * (iii;!iD*3 ^ xj^wp ^-r 

(4) <}y-ti:< thi-D<Df^'mmm(^!£'mi^tm^j:^m 
[0120] 

[IglnSoffiW^cttte^gi 

[mil ^^m{c^.^m^f£mmmih<o-mt:7jk-rwLm 
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[IDS] :^^mi,cgh^wi^^mmm^^mm'r^:^m<r> 
[1117] ^^^ic^^.'SH I p^mTM(D—m^^'i'Wi& 

Mo 

(119 1 *MP^{^#.5H I Pffi]im^(DU^:^XXff£ti<0 

[mil] :^^m\z^^^E^mi^^ y h^<Dm^(o—m^7jk 
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[Hi 31 ^fc^^t-^^^-g^lES^ift^^b-ctU^^KOli®] 

[[1114] i^^m\^^^^^mm.mtm^^f\^td^^^n 
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[mi 5] *^^lc#.6lS'&/X®S»^*5J:U^:ico««i 
[Hie] :$:^^{C>ff.^m^^^T-S^il^a5^W"rsa-&JE 
[017] ^^Wlc^K-S^^flffiffi^ftSJI^fiKSHfcmffiiS^ 

Ho 

[Hi 81 

[HI 9] :*:^^{c^^1g'&JES««Ji^^r54it"r«>*ffi 
0-W^;^3^'rxSlllo 
[W-^cosi^l 

1, 38, 39, 40. 41. - ffimflSD^/K 

2 '"^W^^ 

2 0 -v-y 3 v^ts 

2 1 -Mxv^;^ h 
2 2.5 5 
2 s - v-y =3:/^ 
2 4 - -ir^ ^ 

2 5, 5 6, 5 7 ••ffimir^ ^ iJ^;^ 

3 5, 3 6, 3 7, 4 2, 4 3, 44, 4 5, 4 6, 5 

8, 5 ^ - nM 

5 0-miS5SST'^3Ka 
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